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Abstract 
This paper investigates the reasons why the REE content of ferroan calcite and ankerite in oil reservoirs is higher than 
that of ordinary calcite and dolomite, and why LHEE content is even higher. REE contents, fractionation 
characteristics, and carbon and oxygen isotopes indicate that calcite forms in fresh water, mainly forming in oxic 
environments, whereas dolomite originates from a mixture of water, mainly forming in reducing environments. The 
metallogenic temperature of both is high. The Sr/Ba ratio varies greatly but presents high values, proving the sources 
of lake basins are diverse. The variation, to some degree, also relates to geological events like crustal uplift and 
mantle-sourced magmatic activities. Only in part of ankerite the BaN/LaN ratio is high and belongs to biological 
sediment domains, reflecting a time-space relation with an oil and gas source. 
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1. Introduction 
Paleogene oil reservoir layers of Dongying Sinking in Shandong province, China are mainly 
sandstones and the main cementation is carbonates, with an average content of 10%, most of which are 
calcite and dolomite. Carbonates in sandstone reservoir layers are widely distributed and are of great 
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significance to the generation, transport and concentration of oil. The relation of genetic mechanism and 
oil concentration has been a problem long disturbing the sedimentologists and petroleum geologists. 
Samples in this study are from sandstone reservoir layers of the Shahejie formation in Dongying sinking. 
Five kinds of typical samples are selected: dolomite, ankerite, ferroan calcite, micro-vein coarse-grained 
calcite, and fine-grained calcite. The aim is to investigate their genetic mechanisms and geochemical 
setting by studying the element carbonate geochemical features. 
2. REE contents and fractionation features 
ΣREE content of calcite is 1.35~16.81 ppm, dolomite is 0.21~33.31(10-6). Ferroan calcite and 
ankerite are much higher, reaching 33.3 ppm, and most non-ferroan calcite and dolomite are lower than 
10.0 ppm, indicating Fe2+ and Ca2+ precipitate easily during the precipitation process of calcite and 
dolomite. REE are prone to have replacement with Ca2+, which facilitate the increase of REE content in 
ferroan calcite and ankerite, especially under high temperature. The study confirms that REE exist in the 
solution in the form of Ca32-, HCO2- complexes, entering calcite by replacing Ca2+ for the reason of the 
close ion radius, and that is the reason why LREE enrich in minerals such as calcite. 
We can see in Fig.1 that the fractionation of calcite is more obvious than dolomite. REE curve is 
right deviated, rich in LREE. REE curve of dolomite is approximated with Martin’s REE curve of rivers 
influenced by meteoric water [1], indicating the vein-forming fluids of calcite, particularly coarse-grained 
calcite are close to meteoric water signature. Moreover, δ13C of calcite and dolomite is 4.0‰~-5.0‰, 
which is apparently higher than δ13C of carbon dioxide produced by organic matter (-30.0~-10.0) [2]. 
Fig. 2 shows that calcite precipitation is related to meteoric water (a few samples belong to a water 
mixture), and dolomite is mainly precipitated from a mixture of water. 
 
 
Fig.1. REE distribution curves of calcite and dolomite at Dongying Sinking. 
3. REE parameters features 
δEu of calcite and dolomite is 0.55~1.51 and 0.69~1.42; and δCe of calcite and dolomite is 0.72~1.03 
and 0.76~1.50. δEu of calcite have both positive and negative values. δEu of fine-grained calcite is 
positive and δEu of most dolomite is negative. δCe and δEu are opposite. δCe of most calcite is negative 
while δCe of most dolomite is positive, indicating the redox change during diagenesis as change of 
diagenetic environment results in the variation of δEu and δCe. Generally speaking, dolomite with 
negative δEu and positive δCe usually forms in reductive environment, and calcite, particularly fine-
grained calcite with positive δEu and negative δCe often form in oxide setting.  
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Fig. 2. C-O isotopic relation of calcite and dolomite.         Fig. 3. δEu-∑REE relation of calcite and dolomite. 
 
δEu-∑REE relational figure (Fig.3) shows that δEu of dolomite mainly falls in the range of 
sedimentary rocks (0.8) while and calcite has relatively high δEu and low ∑REE, reflecting simple fluid 
composition when forming calcite. REE parameters after North America shale standardization vary 
greatly (Fig.4), indicating Eh, pH and anion-cation activity in diagenesis setting of calcite and dolomite at 
that time changed gradually, leading to different fractionation degrees of REE. Ratios of dolomite are 
lower than calcite, fractionation degree is lower, and HREE is higher which might be influenced by 
seawater intrusion increasing fluid salinity. 
Yb/Ca-Yb/La relational figure is an effective method to determine the formation and evolution of 
calcite [3]. All the samples fall in the district of hydrothermal genesis, showing high temperature 
diagenesis setting. According to oxygen isotope data, temperature of dolomite and calcite is 43~100°C, 
averaging at 65°C. Temperature measurement of fluid inclusions in quartz is 87~173°C, averaging at 
128°C, indicating the participation of hydrothermal fluids caused by volcanic magmatic events. δ13C of 
calcite and dolomite is similar to that of calcite formed in thermal events of gulf oil area[4], also 
supporting that metallogenic temperature of calcite and dolomite is pretty high. The points of calcite and 
dolomite fall horizontally in Y/Ho-La/Ho diagram and it can be considered that they are homologous 
minerals [5]. Besides, δ13C (4.0~-5.0‰) and δ18O (-8.0‰~-15.0‰) of calcite and dolomite are close to 
δ13C (4.4‰~-6.0‰) and δ18O (-4.3‰~-14.4‰) of the host rocks (sandstones), indicating that ore-forming 
materials of both calcite and dolomite derive from host rocks. 
 
 
 
Fig. 4. North America shale standardization REE parameter curves of calcite and dolomite at Dongying Sinking. 
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4. Minor elements content and parameter characteristics 
The results show that high Ca and Mg contents in calcite and Fe, Mn, Ba contents in ferroan calcite 
and ankerite increase, these latter recording an enrichment higher than that in calcite. Dolomite has high 
Fe, Co and Ni, while calcite on the contrary has relatively low Fe and Co contents. Sr content of calcite 
and dolomite is 34.1~2066.2 ppm, and Sr content of calcite is higher than that of dolomite, Sr relates 
positively with Ca, and negatively with Mg. It confirms that in the carbonate minerals. The sources of Sr 
are subjected to crustal and mantle materials. Sr in the crust migrates into lake basins by rivers, making 
the Sr content increase in the water. If the lake basins are open, Sr-contained fresh water with various 
ingredients migrates in by rivers, and solution of feldspar and transformation of cement minerals also 
accelerate, which adds to the content of Sr. Volcanic eruptions and hydrothermal activities also bring 
mantle-sourced Sr into lake basins. Even though Sr and Ba have similar chemical properties, Ba easily 
combines with SO4-2 in the water, and precipitate as BaSO4. The combination of Sr and SO4-2 generates 
SrSO4 that has large solubility and migrates to far seas. Thus Sr/Ba ratios can be applied to distinguish 
sedimentation environment whether it is oceanic facies or continental facies. Sr/Ba ratio in the studied 
area is 1.5~214.9, averaging at 42.6, varies greatly with high value, further proving the diversity of 
sources in the lake basins. Its variation connects with crust uplifting and mantle magmatic activities to 
some degree. The diagram of BaN/LaN-LaN/SmN relations of calcite and dolomite shows most BaN/LaN 
ratios of dolomite and calcite are quite low, falling into shaly sediments. Only a few BaN/LaN ratios of 
dolomite are high, reaching 10~20, belonging to biological sediments and reflecting the time and spatial 
relationship with the genesis of oil.  
4. Conclusions 
REE content of ferroan calcite and ankerite at Dongying sinking are higher than that of ordinary 
calcite and dolomite. According to the apparent REE fractionation of calcite and dolomite, data of Carbon 
and Oxygen isotopes and temperature, calcite is believed to be precipitated from fresh water, mainly 
forming in oxide environment while dolomite is derived from a water mixture, largely forming in 
reductive environment. The diagenesis redox setting changes gradually. The REE parameters, carbon 
isotopes and fluid inclusion study indicate the participation of hydrothermal fluids in forming calcite and 
dolomite. Y/Ho-La/Ho relational figure and C and O isotopes show that metallogenic materials of calcite 
and dolomite derive from matrix wall rocks. The Sr/Ba ratio proves the sources of lake basins are diverse, 
and to some degree, relates to geological events like uplifting crust and mantle-sourced magmatic 
activities. According to the analysis of BaN/LaN, only part of the ratio of ankerite is high, which relates to 
biological sediments, reflecting time-space relation with oil and gas source. 
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